Driving tests are considered to be the best measure of a person's driving ability and have been used as an outcome measure in several studies (2, 4, 7, 8, 10, 13, 16, 20, 21) . However, certain aspects of hazard prediction may not be amenable to assessment in a track test. Moreover, driving test performed on roads is an obvious road safety hazard. A driving simulator test can function as a substitute to driving tests; however, its ability to predict the driving ability of patients with stroke is unclear. Moreover, high cost and limited availability prevents their wider use. Neuropsychological tests are convenient to administer; however, predictions of driving ability differ among reports. Thus, although these evaluations have their own advantages and disadvantages, a more comprehensive evaluation is required to determine the driving ability of patients who are recovering from stroke to resume driving. However, conducting a comprehensive evaluation with all these tests causes a large financial and physical burden on patients and evaluators. Therefore, we attempted to predict the ability to resume driving in patients with stroke using a simple test.
█ mATERIAl and mEThODS

Patients
A total of 181 patients with stroke (subarachnoid hemorrhage (n=12), cerebral infarction (n=118), and cerebral hemorrhage (n=51), who were registered as inpatients or outpatients at the Fukui General Hospital between 2003 and 2015, were eligible for inclusion. The study was approved by the Ethical Review Board at the Nittazuka Medical Welfare Center.
Inclusion criteria were as follows: (1) patients who drove regularly for at least 10 years (prior to stroke) while having a valid driving license; (2) at least 3 months elapsed since onset of stroke; (3) the desire to resume driving; (4) ability to walk and maintain an upright sitting position and no physical impairment that would impair operation of the steering wheel, gas pedal, or brake pedal. Exclusion criteria were as follows: (1) an unstable general condition; (2) history of epileptic seizures in the preceding 2 years; (3) patients with dementia; (4) mental illness such as depression; (5) failure to meet any of the criteria set by the Public Safety Commission regarding eyesight, field of vision, and hearing (17) . Written informed consent was obtained from all patients before their enrolment in the study. All subjects underwent neuropsychological examination and a driving simulator at the hospital and a track test at a driving school. 
Neuropsychological Examination
Driving Simulator
Patients recruited from year 2012 onwards underwent a driving simulation test using a Honda Safety Navi system (Honda Motor Co., Tokyo, Japan). Simple reaction, selective reaction, divided attention multitasking, and steering wheel operation were evaluated. The simple reaction test involved virtual driving of the car on the screen using the gas pedal, while following visual cues from monochromatic lights that lit up at fixed positions on the screen. The selective reaction test involved use of gas and brake pedals, while following visual cues (three different colored lights) that lit up at fixed positions on the screen. In the divided attention multitasking test, drivers had to follow visual cues from three different colored lights that lit up at unknown positions on the screen and by manually pressing buttons according to the arrow signs on the screen. Steering wheel operation involved virtually steering the car between traffic cones. All tests were capable of testing reaction speed and accuracy.
Driving Test (Track Test)
The driving test was conducted at an affiliated driving school. Before evaluation, patients responded to an interview associated with their health and underwent blood pressure evaluation. In case of any obvious abnormalities, the patients' eligibility to undergo evaluation was determined after consultation with their attending physician.
In general, the instructor from the driving school sat in the front passenger seat and an occupational therapist or family member sat in one of the rear seats. The patients drove the vehicle at the driving course for approximately 50 minutes. Sixteen aspects were evaluated (Table II) , and the patients 
Eyesight
• Bilateral visual acuity of ≥0.7, and ≥0.3 in one eye.
• In case of <0.3 vision in one eye, a vision of ≥0.7 in the other eye, and a bilateral visual field of >150°.
Color vision
• Able to differentiate red, blue, and yellow hearing • Capable of hearing the sound of a horn at 90 dB from 10 m away (or the ability to recognize an automobile approaching from rear using the rearview mirror if incapable of the above hearing)
Driving ability
• Cognition and operation ability necessary for safe driving;
• Use of assistive means is permitted
Simplified excerpt from the Road Traffic Law Enforcement Regulations (revised 17th Dec, 2015).
had to drive on the same course twice. Items were marked "possible" if the patient was deemed capable of achieving them while driving alone or with a family member. Finally, if all items were deemed "possible" by the second lap of the course, the patient was judged to be "capable of driving;" however, if that was not the case, the patient was judged to be "incapable of driving."
Statistical Analysis
A chi-square test was used to compare disease and sex between drivers who were deemed to be capable of driving (CD group) and those who were incapable of driving (ID group), whereas an independent t-test was used to compare age. Results of the neuropsychological examination and the driving simulator test between the two groups were compared using the Mann-Whitney U test.
A stepwise logistic regression analysis was conducted with age, TMT-A, TMT-B, and SDMT as independent variables and driving capability as the dependent variable. The independent variables were selected with reference to past literature (13, 18, 19) . In addition, considering the effect of multicollinearity, a correlation matrix was established before analysis, and the variance inflation factor (VIF) was calculated. Independent variables that were extracted using logistic regression analysis were used to obtain a receiver operating characteristic (ROC) curve, which was used to identify the optimal cutoff value.
All statistical analyses were performed using BellCurve for Excel software (Social Survey Research Information Co., Ltd., Tokyo, Japan). Significance was set at a level of 5%.
█ RESUlTS
Driving Test (Track Test)
Based on the driving test, 128 (105 men, 23 women; Mean age, 56.0±10.6 years) subjects were deemed capable of driving (CD group) and 53 (48 men and five women; Mean age, 62.8±8.9 years) deemed incapable of driving (ID group).
Characteristics of Patients
Diseases in the CD group were subarachnoid hemorrhage (n=9), cerebral infarction (n=82), and cerebral hemorrhage (n=37) subjects, whereas those in the ID group were subarachnoid hemorrhage (n=3), cerebral infarction (n=36) and cerebral hemorrhage (n=14). No significant intergroup differences were observed with respect to mean age, sex distribution, and diseases (Table III) .
Neuropsychological Examination
The Mann-Whitney U test revealed significantly poorer results in the ID group than in the CD group, with respect to the following variables: TMT-A (time required), TMT-B (time required), MMSE (total score), DS-forward (maximum number of digits), DS-backward (maximum number of digits), TSforward (maximum number of digits), TS-backward (maximum number of digits), VCT-shape 1 (time required and accuracy rate), VCT-shape 2 (time required), VCT-number "3" (time required), VCT-letter "ka" (time required and accuracy rate), ADT (accuracy rate and hitting rate), SDMT (achievement rate), MUT-3 digits (accuracy rate), MUT-4 digits (accuracy rate), PASAT-2 seconds (accuracy rate), and PASAT-1 second (accuracy rate) (Table IV) . curve analysis (AUC 0.76), at the SDMT achievement rate of <37.3%, the sensitivity was 65% and specificity was 79% for identification of driving inability (Figure 1 ).
█ DISCUSSION
Driving is a complex task that requires attention, memory, judgment, and other cognitive functions in addition to vision, hearing, and physical function. Michon (14) categorized driving into a strategic level, a tactical level, and an operational level. The strategic level requires planning (destination, route, and cost); the operational level requires basic maneuvering capability (steering and braking). Any deficits at these levels can be compensated for by the presence of a passenger or modification of the car. However, abilities associated
Driving Simulator
No significant intergroup difference in performance was observed in simple reaction, selective reaction, and divided attention multitasking tests and steering wheel operation (Table  V) . with the tactical level such as speeding up, slowing down, turning off, or overtaking are strongly associated with mental faculties (attention, memory, and judgment) and cannot be compensated for using external aids. Therefore, judgment of these abilities requires meticulous assessment. Here, we evaluated the different aspects of assessment of driving ability at the tactical level.
Univariate analysis revealed poorer performance of subjects in the ID group in all neuropsychological tests except VCT (shape 2, number) accuracy rate, and PST accuracy rate than those in the CD group. An earlier review of 17 studies that examined predictors of driving ability post-stroke found that cognitive ability was the most useful screening test (12) . We used multivariate analysis to identify predictors of track test performance from the results of neuropsychological tests. (18, 19) , and Useful Field of View test (UFOV) (1, 5) . Based on the results of these Receiver Operating Characteristic curve. The area under the curve was 0.76, and at an SDMT achievement rate <37.3%, there was a sensitivity of 65% and a specificity of 79% for identification of driving inability.
to identify potential screening tests for predicting the outcome of actual driving tests in vehicles. The capability of screening tests to predict driving ability is likely to save resources, and to provide information on driving ability to patients and the Public Safety Commission. The results of the present study indicate a strong likelihood of failing a track test because the SDMT achievement rate does not exceed 37.3%. In other words, SDMT test outcome can be used as a decision tool, e.g., to recommend the use of public transport.
Some limitations of the study should be considered for interpreting our results. The use of track test performance as an outcome measure is one of the limitations. A road test is considered a valid and reliable test for evaluating driving ability post-stroke and has been used in several studies as the gold standard (6). However, a road test is associated with the risk of traffic accidents during evaluation, which makes the locus of responsibility a potential issue. Second, we did not include ROCF or UFOV tests, which have been reported as predictors of driving ability in several studies. The UFOV test is not widely available in Japan, and further studies are required. Third, patients with clear motor impairment were excluded from the study. In actual clinical settings, several patients with coexisting motor impairment and sensory dysfunction exist. A future study is required to examine the effect of various types of disabilities on the validity of our findings. Accordingly, a multicenter study with a larger sample size may provide robust evidence.
█ CONClUSION
Neuropsychological tests are useful as screening tests for evaluating the ability of patients with stroke to resume driving. These tests may eliminate or minimize the requirement for actual driving tests. SDMT appears to be a potential predictor of track test performance.
studies, we included outcomes of TMT-A, TMT-B, SDMT, and age as independent variables, and track test performance as the dependent variable in the logistic regression model. SDMT was significantly correlated with track test performance. ROC curve for SDMT had an AUC of 0.76 which indicated a significant predictive ability. Furthermore, at an SDMT achievement rate of 37.3% as reference, use of SDMT as a predictor of driving ability was associated with a sensitivity and specificity of 65% and 79%, respectively. Driving involves the ability to direct one's attention toward multiple objects in the field of vision, to switch one's object of attention depending on the circumstances, and to control driving speed among other abilities. However, these require the use of mental faculties at a tactical level, as demonstrated by Michon (14) . These abilities are equivalent to the division, switching, and control of attention associated with SDMT extracted in the present study.
The driving simulation test was performed in patients recruited from 2012 onwards when the simulator was introduced. Few reports have examined the driving abilities of patients with stroke using a driving simulator. Studies have shown that patients with stroke tend to perform worse on driving simulators than healthy individuals; however, this association was not observed with regard to road driving (9, 11) . The driving simulator used in the present study enables the evaluation of the course of travel and reactions and steering wheel operation. However, the course of travel was excluded from the present study items as the objective was to predict track driving at a driving school. Therefore, no significant intergroup differences were observed with respect to results of the driving simulator test. Moreover, all subjects did not perform the driving simulator test; therefore, this test was not used as an independent variable in the logistic regression analysis. The advantage of driving simulators is that they can predict risk factors that driving test evaluations cannot sufficiently predict; therefore, further study with regard to simulator tests is required.
In this study, 70% of the subjects successfully qualified the track test. According to a review of 16 earlier studies (6), the corresponding percentage of patients who were capable of driving ranged widely between 23.68% and 83.72%, and only three reports cited rates >70%; the rate in our study was high. This is possibly because of the effect of different test methods, envisaged traffic conditions, and test judgment criteria. Because the present study included a track test, evaluation on the assumption of driving in a provincial city with relatively less traffic than that in a large city, and a judgment of "capable" when a family member was a passenger, the percentage of patients found capable of driving was higher.
A road test (2, 4, 7, 8, 10, 13, 20, 21) , track test (16), driving status (return to driving post-stroke) (15), questionnaire (3), driving simulator (9) and other tests were used to set outcomes. A road test is generally considered to be the gold standard for evaluation of driving ability (12) ; however, several facilities in Japan use a track test. Regardless of the setting, evaluation of driving ability requires resources for both patient and the driving school. To prevent this, attempts have been performed
